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Two reactive diluents, l-phenoxy-3-(m-ethynylphenoxy) benzene and 1,3-bis-(m-ethynylphenoxy) benzene were synthesized to demonstrate the melt processability of acetylene terminated phenylquinoxaline oligomers. It was shown that tailoring the molecular structure of the diluent to resemble the structure of the oligomer results in a completely compatible system. The reactive diluent lowers the effective softening point of the oligomer, decreases the bulk viscosity during processing and then becomes dormant by co-reacting with the ol i gomer. An approach to provide melt processability to these high Tg systems is the use of a diluent. The diluent must act as a plasticizer thereby lowering the Tg of the oligomer and at the same time reduce the bulk viscosity of the system. The ideal diluent would be one which plasticizes the oligomer during the initial prepreging operation and then co-react with the oligomer to become part of the thermoset network. The success or failure of this type of an approach is primarily dependent on the diluent compatibility with the oligomer.
The objective of this work is to synthesize various reactive diluents of specific molecular structure which would be compatible with acetylene terminated quinoxaline oligomers. The purpose of the work is to demonstrate the melt processability of these high Tg systems. 
The diphenoxy acetylene containing reactive diluents, 1-phenoxy-
3-(3-ethynyl phenoxy) benzene lIb and 1,3-bis-(3-ethynylphenoxy) benzene
IlIb were prepared from the mono and dibromophenyl ethers. Direct displacement of the bromo groups with 2-methyl-3-butyn-2-ol was carried out utilizing the catalyst system made up of triphenylphosphine, cuprous iodide and bistriphenylphosphine palladium chloride. Conversion of the secondary acetylenes to primary acetylenes was carried out by hydrolytic displacement of acetone with potassium hydroxide in toluene.
The mono and bisbromophenylether precursors were prepared by the Ullmann ether synthesis from mono and dihydroxy aromatics and mdibromobenzene.
The Ullmann ether synthesis (Reference 6) was found to be the key reaction in the low cost synthesis of 4,4'-bis (3-ethynylphenoxy) diphenylsulfone (ATS), a new acetylene terminated sulfone matrix and adhesive resin recently prepared in our laboratory (Reference 7). Utilization of this procedure provides a potential low cost preparative method for the acetylene containing reactive diluents. Each polyene repeat unit contains a pendant acetylene group which could further react to form the three-dimensional network structure.
A monofunctional acetylene would form a polyene without a pendant acetylene for further cure; therefore, a less crosslinked system and lower Tg than a diffunctional diluent. The addition of a small amount of monofunctional material to the BATQ-H oligomer should theoretically provide a tougher more durable matrix system.
Specimens were prepared by pressing the uncured powder mixture at 40,000 psi into 12-mm diameter by 2-mm thick pellets. Pellets were also prepared in a similar manner for the oligomer alone. In a series of runs, the pellets were placed between preheated parallel plates in a Rheometrics RMS-7200 Mechanical Spectrometer. The pellets were subjected to low frequency (160 mHz) sinusoidal shear rate viscosity measurements at constant temperatures. The results of the runs are shown in Figure 2 together with the temperatures used.
As seen from Figure The resulting oil was chromatographed on silica gel using hexane as the eluent, to yield 8.3g (48%) of a colorless oil (Reference 9). ( Figure 5 ) The product was used in the next step of the reaction sequence without further purification.
I-PHENOXY-3-(M-ETHYNYLPHENOXY) BENZENE
A mixture of 10.6g of the bis-butynol adduct and 0.75g of KOH in 20 ml of anhydrous methanol were added to 100 ml of toluene and heated to reflux under nitrogen.
The methanol and 40 ml of the toluene were then removed by distillation over a period of two hours. Future research in this area should be directed toward the following goals:
1. Determine the minimum amount of reactive diluent required for melt processability.
2. To investigate the influence of the reactive diluent on the thermal, thermaloxidative and mechanical properties.
3. To demonstrate the processing of the system with the actual fabrication of fiber reinforced composites.
